Introduction {#s10}
============

Rationale {#s11}
---------

Evidence-based and justified diagnostic imaging is a key factor that contributes to proper orthodontic diagnosis and treatment planning, together with clinical evaluation of the patient and digital/plaster cast analysis ([@CIT0001]). Since the introduction of cone-beam computed tomography (CBCT) in dentistry ([@CIT0002]), there has been a rapid evolution in CBCT technology, driven largely by the demands of each specialty for providing with accurate and reproducible three-dimensional (3D) images, and minimizing the radiation dose.

CBCT was designed to overcome some of the limitations of conventional computed tomography (CT), offering high-resolution 3D images at a relatively lower dose and cost. However, CBCT still delivers a higher dose than a two-dimensional (2D) scan. Together with the exponential advancement in CBCT technology, there is still a growing gap with the available scientific evidence for justified use of CBCT. This holds particularly true in children, who are more vulnerable to radiation dose and often present with challenging diagnostics ([@CIT0003],[@CIT0004]). The three fundamental principles of radiation protection, that is justification, optimization, and dose limitation, should always be followed when considering radiation exposure for orthodontic reasons ([@CIT0005]). On the basis of the high susceptibility to the ionizing radiation in children ([@CIT0008]), exposure should be kept as low as reasonably achievable, while maintaining sufficient diagnostic information ([@CIT0009]).

According to the SEDENTEXCT guidelines, it is impossible to differentiate between safe and harmful exposure because of the uncertainties related to the stochastic effects ([@CIT0007]). Even the smallest amount of radiation can be associated with a potential risk. It is likely that as the technology advances and more evidence on the efficacy of CBCT is established, its role in orthodontic applications will increase or be modified. Thereby, enabling clinicians to diagnose and plan treatment in many more clinical scenarios than currently possible.

Objectives {#s12}
----------

The aim of this article was to conduct a systematic review for the justification of CBCT application in paediatric population and to provide evidence for diagnostic use of CBCT in a pre-orthodontic paediatric population. Therefore, Population Intervention Comparator Outcomes (PICO) approach was formulated as follows:

Population: paediatric patients; Intervention: CBCT; Control: conventional 2D radiography; Outcome: treatment changes due to 3D imaging.

Materials and methods {#s13}
=====================

Protocol and registration {#s14}
-------------------------

This systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement ([Figure 1](#F1){ref-type="fig"}) and was not registered ([@CIT0010]).

![Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flowchart. CLP, cleft lip palate; TMJ, temporomandibular joint.](cjy06601){#F1}

Eligibility criteria {#s15}
--------------------

The selected publications had to describe the model of efficacy: diagnostic accuracy efficacy, diagnostic thinking efficacy, therapeutic efficacy, or any combination ([@CIT0011]).

Diagnostic accuracy efficacy included the following:

-   Observer performance

-   Sensitivity, specificity, and predictive values

Diagnostic thinking efficacy included the following:

-   Percentage of cases in which CBCT was considered beneficial for the orthodontic treatment planning

-   Subjective estimation of difference in clinicians' certainty on diagnostic outcome

Therapeutic efficacy included the following:

-   Percentage of times CBCT was found useful in treatment planning

-   Percentage of times treatment plan and therapeutic choices altered after obtaining CBCT information

Search methods, search strategy, and study selection {#s16}
----------------------------------------------------

The period of search was limited till 1 July 2018. A detailed search was conducted in MEDLINE via the electronic database PubMed. Electronic search of the publications was carried out by using controlled index terms and relevant specific free text words without any language restrictions. Furthermore, manual screening of all references to earlier systematic reviews and selected full-text articles was accomplished for finding potentially useful articles. Specific strategies were applied for each subject. The search strategy encompassed appropriate variations in the keywords, following the syntax rules of the database ([Supplementary Appendix I](#sup3){ref-type="supplementary-material"}).

The PICO approach was applied to obtain data from the included articles independently by two review authors. Two reviewers analysed the list of titles and abstracts independently for inclusion. All the articles that fitted the review question were reviewed. Any disagreement between the reviewers was solved by means of consensus and when deemed appropriate, by consultation of a third reviewer. Risk of bias and quality assessment was also completed independently and in duplicate by the same two investigators. The reviewers were not blinded to the authors or the results of the research.

The following Medical Subject Headings (MeSH) were applied during the literature search: cone-beam computed tomography; root resorption; tooth, impacted; tooth, unerupted; transplantation, autologous; cleft lip; hypodontia; cyst, jaw; Arthritis, Juvenile; Congenital Abnormalities; Tooth, Supernumerary; Fused Teeth; wounds and injuries; Tooth Injuries; Tooth Ankylosis; not adult; not animal ([Supplementary Appendix I](#sup3){ref-type="supplementary-material"}).

Narrative reviews, case reports, letters to editor, *in vitro* studies, animal studies, studies without 2D comparison, and studies with sample size below 10 were excluded. Thereafter, complete text of the chosen publications were selected and assessed. If one of the authors found an abstract to be relevant, then the full text of publication was read. Next step involved manual search of the reference lists included in the selected publications and full text of relevant abstracts were read. Titles of the articles that contained a MeSH keyword were included.

Assessment of risk of bias {#s17}
--------------------------

Assessment of the quality of publications selected for this review was carried out by applying a protocol. This protocol was based on the Quality Assessment of Diagnostic Accuracy Studies (QUADAS) tool ([@CIT0012],[@CIT0013]). Information isolated from selected studies included type of studies, number of samples, reference method, specific method used in the study, number of observers, statistical method, and results according to authors.

Data analysis {#s18}
-------------

All results were analysed descriptively.

Results {#s19}
=======

Study selection {#s20}
---------------

The result of this systematic review was based on the PRISMA statement ([@CIT0010]). We found a total of 2806 publications from the PubMed database. After first assessment and removal of duplicates, a total of 186 publications were selected. Sixty-seven articles were rejected based on exclusion criteria. Following QUADAS assessment, a total of 37 articles were included in the protocol ([Figure 1](#F1){ref-type="fig"}). The period of search was limited from 1997 until 1 July 2018, since CBCT in dentistry was introduced in 1998 ([@CIT0002]).

Currently, there is ample literature on the use of CBCT imaging for diagnosis and treatment planning of dentomaxillofacial deformities in paediatric patients, yet most of them are described in the form of case reports or case series due to the rarity of appearance. We did not want to withhold these reports and summarized them in [Supplementary Table 1](#sup1){ref-type="supplementary-material"}.

Study characteristics {#s21}
---------------------

Estimates of test accuracy were established on the assumption that the reference standard was 100 per cent sensitive. Specific disparities between the reference standard and index test resulted from incorrect classification by the index test. All studies were screened by diagnostic accuracy efficacy.

Impacted teeth and root resorption {#s22}
----------------------------------

Because root resorptions are usually related to impacted teeth, both subjects were analysed together ([Table 1](#T1){ref-type="table"}) ([@CIT0014],[@CIT0015]). CBCT showed better detection rates (63 per cent) of root resorption associated with impacted canines when compared to plain film radiographs ([@CIT0016]). It was also found to be superior to intra-oral radiography for detection and assessment of internal and external cervical root resorption, thereby leading to improved management ([@CIT0017]). Management of root resorption depends on the extent of the resorption and can vary between no treatment (active monitoring), nonsurgical root canal therapy, external surgical repair, and extraction. When it came to treatment changes, Goodell *et al*. ([@CIT0018]) found different results compared with Patel *et al*. ([@CIT0017]). In the study conducted by Goodell *et al*., 56.7 per cent of treatment was proposed when analysing periapical radiographs, compared to 59.8 per cent treatment when CBCT analysis was done ([@CIT0018]). In the study conducted by Patel *et al*. ([@CIT0017]), 50.7 per cent repair was advised with periapical radiographs whereas only 21.2 per cent by CBCT imaging.

###### 

CBCT diagnosis of impacted teeth and root resorption. CBCT, cone-beam computed tomography; EDAG, early dental age group; LDAG, late dental age group; LI, lateral incisor; RR, root resorption; 2D, panoramic imaging; 3D, CBCT.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Authors                              Sample size   2D/3D     Results in accordance to CBCT
  ------------------------------------ ------------- --------- ----------------------------------------------------------------------------------------------------------------------------------
  Durack *et al*. ([@CIT0019])         10            2D + 3D   CBCT \> 2D radiographs\*:\
                                                               - Sensitivity\
                                                               - Specificity\
                                                               - Inter-examiner agreement

  Goodell *et al*. ([@CIT0018])        56            2D + 3D   Treatment plan on 2D differed with 3D in majority of cases

  Patel *et al.* ([@CIT0017])          15            2D + 3D   Correct treatment option: CBCT \> intra-oral radiographs\*

  Ren *et al.* ([@CIT0020])            160           2D + 3D   CBCT \> 2D:\
                                                               Highly significant difference between periapical radiography and CBCT in detection of mild and moderate RR lesions (*P* \< 0.05)

  Tsolakis *et al*. ([@CIT0021])       20            2D + 3D   CBCT more accurate diagnostic compared to 2D

  Jawad *et al*. ([@CIT0016])          42            2D + 3D   Improved RR detection rates of 63% with the use of CBCT

  Hadler-Olsen *et al*. ([@CIT0022])   59            3D        Best predictor for RR: if location of the canine mesial to the midline of the LI root in panoramic images

  Lai *et al*. ([@CIT0014])            134           3D        High accuracy of location, prevalence, and degree of RR with high interrater correlation

  Sun *et al.* ([@CIT0023])            41            3D        Roots of impacted teeth are significantly shorter than homonym teeth\
                                                               Roots of impacted teeth in EDAG shorter than in LDAG\
                                                               Dilaceration occurs mainly in LDAG
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Statistically significant.

A higher incidence of root resorption and dilaceration was observed with CBCT than with 2D radiography ([@CIT0019],[@CIT0020],[@CIT0023]). CBCT was also found to be practicable for observing root resorption of maxillary incisors related to normal and ectopically erupting canines ([@CIT0022]). Among 2D modalities, panoramic imaging seemed to offer the best sensitivity, and occlusal and periapical radiographs the best specificity when it comes to detection of root resorption ([@CIT0021]). Moreover, when predicting the exact palato-buccal position of impacted canines, periapical radiography was considered as the most specific of the conventional techniques ([@CIT0021]). Also, this study revealed that occlusal and periapical radiographs had a higher specificity when it comes to root resorption detection. When predicting the exact palato-buccal position of impacted canines, periapical radiographs were considered the most specific technique. Still conventional radiology has a lot of disadvantages such as overlaps, magnification, distortions, and deformations. At that point, CBCT can offer a solution because of higher accuracy of dimensions and localizations.

On the basis of our findings in accordance with the DIMITRA (dentomaxillofacial paediatric imaging investigation towards low-dose radiation) project ([@CIT0024]), CBCT can be considered justified in children for diagnosis and treatment planning of impacted teeth and root resorption.

Trauma {#s23}
------

Only three evidence-based articles on the use of 3D imaging were found within the limits of our inclusion criteria. All related articles found were *in vitro* studies on adult population and were rejected from this review.

According to Doğan *et al*. ([@CIT0025]), root fractures are easily overseen on 2D radiographs, due to the direction of the X-ray beam. Evaluation of root fractures should be done by several periapical radiographs at different angles. An occlusal radiograph can add some additional information. However, in those cases, CBCT offers a 3D view and is superior in detecting vertical root fractures.

Due to limitations of 2D radiography, Bernardes et al. ([@CIT0026]) compared detection rates of root fractures on periapical radiographs to CBCT. They concluded that only 30--40 per cent were diagnosed on periapical radiographs, but 90 per cent were found by the use of CBCT.

In a study by Bornstein et al. ([@CIT0027]), 68.2 per cent of horizontal root fractures were located in the middle third of the root and extended towards the cervical third on the palatal aspect. These cervical third fractures are known to have a poor prognosis, which strongly speaks for CBCT, because a missed diagnosis of a cervical fracture extension can lead to unfavourable outcomes. According to the latest recommendations of the SEDENTEXCT guidelines and the DIMITRA project, we can agree that CBCT contributes to more precise evaluation of the root fracture ([@CIT0008],[@CIT0024]).

Cleft lip and/or palate {#s24}
-----------------------

CBCT was found to be an excellent tool for determining bone volume and morphology ([@CIT0028]) compared to 2D radiographs that provided limited 2D information ([Table 2](#T2){ref-type="table"}) ([@CIT0016],[@CIT0033]). Furthermore, it was also helpful for assessing root morphology, development of the adjacent teeth close to the cleft area, and quantification of soft-tissue depth ([@CIT0041]). The volume rendering using CBCT was a reproducible and feasible method to assess the outcome of secondary alveolar bone grafting ([@CIT0045]). CBCT was a superior choice over a medical CT as it required 8--10 times lower effective dose using standard protocol ([@CIT0048]). Nevertheless, CBCT imaging should be optimized and correctly indicated at the right time for this specific group of paediatric patients to minimize the associated risks ([@CIT0024]).

###### 

Use of CBCT for CLP diagnosis in children. BCLP, bilateral cleft lip palate; CBCT, cone-beam computed tomography; CEJ-AC, cementoenamel junction--alveolar crest; CG, control group (side); CLP, cleft lip palate; F, female; M, male; UCLP, unilateral cleft lip palate.

  Authors                           Sample size                          2D/3D     Results in accordance to CBCT
  --------------------------------- ------------------------------------ --------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Wriedt *et al.* ([@CIT0046])      20 (16 M; 4 F)                       2D + 3D   CBCT only justified in special cases
  Buyuk *et al*. ([@CIT0029])       44 (26 M; 18 F)                      3D        Prevalence of dehiscence was found higher in the CLP group compared to the CG
  CG: 51 (21 M; 30 F)                                                              
  Celebi *et al.* ([@CIT0041])      40 (20 M; 20 F)                      3D        Root volume assessment by using CBCT reveals smaller volume of roots on the cleft side compared to the non-cleft side
  CG: 40 (20 M; 20 F)                                                              
  Celikoglu *et al.* ([@CIT0037])   UCLP: 24                             3D        UCLP and BCLP have insignificantly decreased values of mandibular volume compared to a normal occlusion group, evaluated by CBCT
  BCLP: 17                                                                         
  CG: 25                                                                           
  Ercan *et al*. ([@CIT0031])       31 (7 F; 24 M)                       3D        Bone thickness assessment by using CBCT: smaller bone thickness on the cleft side; mean CEJ-AC distance for central teeth: UCLP region \> non-cleft region\*
  Garib *et al*. ([@CIT0028])       BCLP: 10 (5 M; 5 F)                  3D        CBCT is a useful method to assess alveolar bone plate thickness and bone dehiscence in teeth, adjacent to clefts
  Janssen *et al*. ([@CIT0047])     11 (6 M; 5 F)                        3D        CBCT is reliable at relatively low resolution for volumetric analysis
  Lee *et al*. ([@CIT0038])         UCLP: 7 (3 M; 4 F)                   3D        Volume (bone graft) \~ volume(cleft) *r* = 0.96\*
  Lin *et al*. ([@CIT0033])         30 (20 M; 10 F)                      3D        Facial asymmetry assessment by using CBCT showed more severe lower facial asymmetry: more asymmetrical positions and rotations of the condyles, with a positive correlation with chin deviation in UCLP patients
  CG: 40 (16 M; 24 F)                                                              
  Lin *et al*. ([@CIT0034])         30 (18 M; 12 F)                      3D        UCLP patients had more retrusive maxillary and mandibular positions relative to the cranial base (*P* \< 0.001 and *P* = 0.003, respectively); UCLP group had more severe vertical discrepancies\*
  CG: 30 (17 M; 13 F)                                                              
  Linderup *et al*. ([@CIT0042])    10 (6 M; 4 F)                        3D        CBCT is a reproducible and practical method for assessing the volumetric outcome of secondary alveolar bone grafting in UCLP patients
  Oberoi *et al*. ([@CIT0045])      21 (15 M; 6 F)                       3D        Volume rendering using CBCT is reproducible and practical method to assess preoperative alveolar cleft volume
  Paknahad *et al.* ([@CIT0039])    60 (20 UCLP; 20 BCLP; 20 controls)   3D        CBCT evaluation showed that the mandible appears to be leading factor in facial asymmetry in CLP patients
  Starbuck *et al*. ([@CIT0035])    15 BCLP (11 M; 4 F)                  3D        3D imaging allows increased access, assessment, and measurement of craniofacial structures; BCLP deformity alters facial skeletal morphology of the midface, the oronasal region, and the upper facial skeleton. All these results were statistically significant
  CG: 15 (11 M; 4 F)                                                               
  Starbuck *et al.* ([@CIT0036])    UCLP: 26 (17 M; 9 F)                 3D        UCLP congenital anomaly is strongly associated with dysmorphology and asymmetry of the nasal regions of the midface; morphometric differences were also found for the upper and lower facial skeletons
  CG: 26 (17 M; 9 F)                                                               
  Starbuck *et al*. ([@CIT0044])    55 (40 M; 15 F)                      3D        Significant differences in tissue depth symmetry were found around the cutaneous upper lip and nose in unilateral CLP patients
  Yang *et al*. ([@CIT0040])        UCLP: 21 (13 M; 8 F)                 3D        CBCT assessment of facial asymmetry concluded that significant differences between cleft and non-cleft sides only exist around the cleft, and not in deeper regions of maxillary complex
  CG: 14 (6 M; 8 F)                                                                
  Zhang *et al*. ([@CIT0043])       40 (30 M; 10 F)                      3D        Significant delay in dental development in cleft patients
  Zhou *et al.* ([@CIT0042])        60 CLP (40 UCLP; 20 BCLP)            3D        CBCT is a valid tool to evaluate developmental deficiency in teeth adjacent to the cleft; permanent upper incisors in CLP patients are underdeveloped
  CG: 53                                                                           

\*Statistically significant.

Congenital dental anomalies {#s25}
---------------------------

Only two studies were considered relevant in this review with regard to dental anomalies but did not show hard evidence-based characteristics ([Table 3](#T3){ref-type="table"}). Both studies observed CBCT to be a reliable tool in comparison to 2D radiographs for assessing supernumerary teeth and dens invaginatus ([@CIT0049],[@CIT0050]).

###### 

CBCT diagnosis for congenital dental anomalies and congenital deformities. CBCT, Cone-beam computed tomography; F, female; M, male; PRS, Pierre Robin Sequence; TCS, Treacher Collins Syndrome; 2D, panoramic imaging; 3D, CBCT.

  Authors                                     Sample size         2D/3D     Results in accordance to CBCT
  ------------------------------------------- ------------------- --------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Congenital dental anomalies                                               
  Jung *et al*. ([@CIT0049])                  193 (144 M; 49 F)   2D + 3D   Supernumerary teeth were most frequently observed in the central incisor region, palatal position, inverted orientation, and most commonly conical shaped; 71%: delayed eruption of adjacent incisors; displacement of incisors: commonly observed
  Capar *et al.* ([@CIT0050])                 300                 2D + 3D   Visualization of DI: CBCT \>\> 2D\*; CBCT provides an accurate representation of the external and internal dental anatomy
  Congenital facial anomalies and syndromes                                 
  Tucunduva *et al*. ([@CIT0051])             15 (6 M; 9 F)       2D + 3D   Morphology of interforaminal region of the mandible showed no significant difference when compared to the controls; CBCT is important in surgical planning of interforaminal mandible region
  10 PRS                                                                    
  10 TCS                                                                    
  10 Controls                                                               

\*Statistically significant.

Congenital facial anomalies and syndromes {#s26}
-----------------------------------------

CBCT examination was vital for assessing morphology of the interforaminal region of mandible and for identifying anatomic variations of anterior loop and mandibular inferior canal in patients with Treacher Collins Syndrome and Pierre Robin Sequence ([Table 3](#T3){ref-type="table"}) ([@CIT0051]). Because patients with congenital anomalies frequently show anatomic variations in the maxillofacial region, preoperative CBCT evaluation is of high importance for avoiding surgical complications.

Temporomandibular joint abnormalities {#s27}
-------------------------------------

Regarding temporomandibular joint (TMJ) dysfunction, only three articles were included. CBCT was regarded as an accurate and reliable tool for assessing 3D condylar volume, shape, and angulation objectively in paediatric patients with bilateral cleft lip and palate, unilateral posterior crossbite, and juvenile idiopathic arthritis ([Table 4](#T4){ref-type="table"}) ([@CIT0052]).

###### 

CBCT diagnosis of TMJ and juvenile rheumatoid arthritis in children. CBCT, cone-beam computed tomography; TMJ, temporomandibular joint; JIA, juvenile idiopathic arthritis; F, female; M, male; CG, control group.

  Authors                                  Sample size      2D/3D   Results in accordance to CBCT
  ---------------------------------------- ---------------- ------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Huntjens *et al.* ([@CIT0054])           20 (14 F; 6 M)   3D      Condylar asymmetry is a common feature in children with JIA\*
  Illipronti-Filho *et al*. ([@CIT0055])   20               3D      Difference between right and left condyles and in the crossed and non-crossed sides in sagittal and coronal cuts, in case of unilateral posterior crossbite (NS)
  Ucar, *et al.* ([@CIT0056])              17 (7 F; 10 M)   3D      Condylar volume was slightly less in the bilateral cleft group compared to controls (*P* \> 0.05); position of the mandibular condyle and temporomandibular fossa: similar in bilateral cleft group and controls
  CG: 17 (6 F; 11 M)                                                

NS, non-significant.

\*Statistically significant.

Discussion {#s28}
==========

The possibilities of CBCT application for orthodontic reasons range from impacted teeth to TMJ morphology. According to some studies, CBCT should not be considered as a routine and standard method of diagnosis and treatment planning, based on its high radiation dose compared with conventional radiographs and availability of limited supporting evidence ([@CIT0055],[@CIT0056]). [Supplementary Table 2](#sup2){ref-type="supplementary-material"} provides an overview of the radiation doses used in the selected articles compared to the panoramic equivalent. According to the American Academy of Oral and Maxillofacial Radiology selection criteria and SEDENTEXCT, small-field-of-view (FOV) CBCT can be indicated for pre-treatment assessment of dental structures or position anomalies ([@CIT0007],[@CIT0008]). However, a small-FOV CBCT cannot be seen as a true alternative for panoramic radiograph as the latter covers the whole dentomaxillofacial region ([@CIT0048]).

Recently, the DIMITRA position statement described indication-oriented and patient-specific recommendations regarding the main CBCT applications for children ([@CIT0024]). [Table 5](#T5){ref-type="table"} illustrates the summary of CBCT use for dental diseases based on the SEDENTEXCT guidelines and the DIMITRA position statement ([@CIT0007], [@CIT0024]).

###### 

Recommendations based on the SEDENTEXCT guidelines and the DIMITRA position statement. CBCT, cone-beam computed tomography

  Pathology                              Use of CBCT   Except for   
  -------------------------------------- ------------- ------------ ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Impacted teeth                         ⋎             ⋎            
  Dental trauma                          ×             ×            Root fractures; suspicion of condylar fracture
  Facial trauma                          ⋎             ⋎            
  CLP                                    ⋎             ⋎            
  Congenital anomalies and syndromes     ⋎             ⋎            
  Dental anomalies                                                  When 2D modalities do not answer the diagnostic question
   Dens invaginatus                      ×             ×            
   External resorption                   ⋎             ⋎            
   Internal resorption                   ⋎             ⋎            
   Differentiation from normal anatomy   ⋎             ⋎            
  Bone pathology                                                    When 2D modality does not answer the diagnostic question; MSCT/MR: when evaluation of soft tissues is necessary; in case of inadequate information on MSCT/MR: CBCT
   Dentigerous cysts                     ×             ×            
   Periapical lesions                    ×             ×            
  TMJ (bony pathology)                   ⋎             ⋎            Disk visualization
  Orthognathic surgery                   ⋎             ⋎            
  Periodontal assessment                 ×             ×            infrabony defects and furcation lesions
  Periapical disease                     ×             ×            In case of negative findings on conventional radiographs and positive clinical signs

⋎, justified; ×, not recommended; MSCT/MR, multi-slice computed tomography/magnetic resonance.

Impacted teeth and root resorption {#s29}
----------------------------------

We learned from past reviews that CBCT is commonly used to evaluate the exact position and localization of the impacted teeth ([@CIT0057]). Studies show that CBCT was more feasible in detecting canine apices, lateral root resorption, and dilaceration compared to 2D radiographs ([@CIT0061]). Therefore, it can be hypothesized that CBCT shows better outcome efficacy in complex cases ([@CIT0021],[@CIT0062]). Also, in some studies, original treatment plans of more than 25 per cent cases were changed when consulting CBCT images compared to conventional 2D imaging ([@CIT0063]).

However, there is still lack of evidence supporting CBCT application in paediatric patients for diagnosis, treatment planning, and improving outcomes. Future research has to be undertaken to compare the efficacy of CBCT with that of conventional radiographs in patients with multidisciplinary pathologies.

Trauma {#s30}
------

*In vivo* studies of 3D imaging in paediatric trauma are very rare; for that reason, we included some *in vitro* and adult studies, although the exclusion criteria were set for these studies. This review suggested that CBCT is more accurate to assess vertical root fractures than 2D imaging, which is also in accordance with the included studies ([@CIT0025],[@CIT0066]). Despite the advantages, a CBCT scan exposes the patient with additional radiation; hence, it should only be reserved for suspected root fractures diagnosed initially by clinical signs and 2D radiographs.

Cleft lip and/or palate {#s31}
-----------------------

Many articles have been published concerning the use of CBCT in patients with cleft lip and/or (CL/P). Earlier, conventional medical CT was the most accepted method for assessing CL/P and the adjacent teeth. Now, CBCT can be assumed a better choice for assessing bone volume, deficiencies, and root development, because it provides a better image quality and a significantly lower radiation dose ([@CIT0028]). No evidence is available showing that CBCT is more informative than 2D concerning facial soft-tissue analysis.

Congenital dental anomalies {#s32}
---------------------------

Despite the limited evidence on this topic, we still support the superiority of CBCT above 2D radiographs for assessment and surgical planning of supernumerary teeth that are often accompanied by delayed eruption of adjacent teeth. Also, in case of dens invaginatus, fusion, or gemination, CBCT can be of great value for endodontic reasons ([@CIT0067]). CBCT should be used only when 2D radiograph fails to provide appropriate information.

Congenital facial anomalies and syndromes {#s33}
-----------------------------------------

Because congenital deformities are not that common, studies with large samples were not available to our knowledge. Many case reports have been published on congenital deformities; however, not much information is available regarding the superiority of CBCT. On the basis of this review, CBCT should only be considered in cases where 2D imaging fails to provide enough information, and it should not be used as the first diagnostic tool.

TMJ abnormalities {#s34}
-----------------

For the assessment of osseous TMJ abnormalities, CBCT imaging is superior to magnetic resonance imaging (MRI) and conventional 2D radiographic methods. However, MRI is the method of choice for the assessment of inflammatory activity and soft-tissue abnormalities ([@CIT0068]). Several case reports used CBCT as a first diagnostic aid instead of 2D radiograph. For that reason, it can be predicted that CBCT can have a beneficial role in the assessment of bony pathology of jaws. The results from the case reports showed that CBCT was mainly used for diagnostic and surgical reasons ([Supplementary Table 1](#sup1){ref-type="supplementary-material"}).

Conclusion {#s35}
==========

From this review, we can conclude that there is still lack of evidence considering optimization and justification for the use of CBCT in the paediatric population. CBCT can be regarded as a reliable diagnostic tool in both simple and complex cases where 3D assessment is mandatory for making the most appropriate therapeutic decision. The authors recommend strict adherence to the DIMITRA guidelines when selecting CBCT for paediatric examination.

Limitations {#s36}
-----------

The limitations related to this study included the absence of randomized controlled trials, ethical issues related to study design of certain studies ([@CIT0069]), and lack of specifically paediatric-oriented studies. According to systematic review requirements, *in vitro* and *ex vivo* studies were excluded. This study was not registered in advance.
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